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We consider a sensory experiment in which P products are evaluated by S subjects. Each
subject evaluates R products out of the P products. Designing presentation orders for such an
experiment has been extensively studied. When each product is evaluated by each subject
(R=P), the most used designs are based on William’s Latin squares. The application of these
designs in sensory analysis has been introduced by Mac Fie et al. (1989). When each subject
cannot evaluate the whole set of products (R<P), presentation orders can be planned with the
help of Mutually Orthogonal Latin Squares (MOLS) (Wakeling et al, 1995). These designs
have many good statistical properties but only exist for some configurations (S,P,R).
An other way to obtain designs strictly adapted to any configuration (S,P,R), is the use of
algorithms for the construction of optimal designs. Two adaptations of exchange algorithms
(Fedorov, 1972) to sensory analysis have been proposed (Ball 1997, Pagès et al. 1997, Périnel
et al. 2000a, 2000b).
In practice, the number S of subjects is not often precisely known before the session: although
they have given their agreement, some subjects finally do not come. From that, Wakeling et
al. (2001) have proposed designs robust to an imprecise number of subjects . These designs,
based on cyclic designs, have many good properties but do not exist for any configuration
(S,P,R). An other way is to construct a sequence of nested designs, P and R being fixed and S
varying from Smin to Smax. Such design have already been presented (Périnel et al. 2000a,
2000b). We propose here an up-to-date description of these designs, giving details about the
algorithm, evaluation criteria, and their properties.
Construction of one design for a configuration (S,P,R). It is based on the following two-
stage procedure:
• STAGE I. Assignment of the products to the subjects using an algorithm for the

construction of a D-optimal design, in order to minimise the confounding subject –
product.

• STAGE II. Assignment of a presentation order for each subject, respecting a strict
orthogonality subject-rank and minimising a function depending on the two confoundings
product – rank and product – carry-over.

Construction of a nested sequence of designs for a configuration (Smin→  Smax,P,R). Two
strategies are proposed.
Forward strategy. An optimal design is built for Smin subjects, according to the two-stage
strategy described above. Then, the design is supplemented by adding successively (Smax–
Smin) subjects. Here, each step consists in finding for each new subject: (i) the R products he
will evaluate; (ii) the presentation order of these products.
Backward strategy. An optimal design is built for Smax subjects. Then, the (Smax– Smin)
subjects that damage the less the statistical qualities of the design are successively removed
from it. At each step, the choice of the subject to remove is based on the only confounding
subject –  product.
Evaluation criteria. The various confoundings are evaluated separately.
Product – subject confounding. We use an efficiency criterion, based on the variances of the
product coefficients, as currently done in the evaluation of a BIB design (ratio of the



variances of the product coefficient between the studied design and the corresponding
factorial design).
Product – rank confounding. The criterion is based on the P×R incidence matrix M, in which
M(i,j) is the number of times the product (i) is evaluated at rank (j) ; this confounding is null
if this matrix is filled up with a constant; our criterion is based on the variance of the M(i,j).
Product – carry-over confounding. The criterion is based on the P×P incidence matrix N, in
which N(i,j) is the number of times the product (i) is followed by the product (j); this
confounding is null if the extra-diagonal terms of this matrix are constant; our criterion is
based on the variance of these extra-diagonal terms.
Results. The algorithm discussed in this paper gave rise to a computer program. An example
of output produced by this software is presented and discussed. An intensive use of the
proposed algorithm has led to the following conclusions:
• For a configuration (S,P,R): when the optimal design exists, the algorithm often finds it; if

not, the constructed design is never very distant from the optimal one, as far as its
statistical properties.

• For a “nested” configuration (Smin→  Smax,P,R): each design of the sequence is compared
to the one we would have obtained using a direct approach. The two approaches lead to
very satisfying performances. Moreover, in general, the forward sequential algorithm
proved to be preferable to the backward one.
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